Objective: Glucocorticoid receptor interacting protein 1 (GRIP1) is a coactivator that binds to the nuclear hormone receptors in a ligand-dependent manner and mediates transcriptional activation of the target genes. The aim of this study was to investigate GRIP1 expression in various murine tissues and whether the protein is nuclear, cytoplasmic, or both. Design: Two novel polyclonal antibodies against amino acids 34±47 and 468±481 of GRIP1 were raised and characterized in order to study the GRIP1 expression with immunohistochemistry. Results: Transient transfection studies with COS cells showed a clearly nuclear staining pattern and also immunohistochemical localization of GRIP1 was mainly nuclear, but cytoplasmic expression was seen as well. GRIP1 was expressed in epithelial cells of the submandibular gland, gastrointestinal tract, pancreas, kidney, uterus, mammary gland, testis, prostate, trachea, lungs and adrenal gland. GRIP1 was also detected in stromal cells of colon, rectum, urinary bladder, vagina, uterus, mammary gland and trachea, and to a lesser extent in esophagus, ureter, urethra, thymus and spleen. Smooth muscle cells of the gastrointestinal and urinary tract, uterus, epididymis, prostrate and bronchioles expressed GRIP1. Blood vessels of many organs, capsule of the kidney and prostate, mesovarium, adipocytes of the mammary gland, pericardium and cartilage of the trachea were also GRIP1-positive. Liver, thyroid gland and striated muscle did not express GRIP1. Conclusions: GRIP1 was expressed in a wide variety of murine organs, and expression varied between cell types and organs. In addition to mainly nuclear localization of endogenous GRIP1, cytoplasmic expression was seen as well.
Introduction
Nuclear hormone receptors (NRs) are transcriptional activators, which have many different roles in the regulation of cell functions as well as in the growth and differentiation of various tissues and organs (1) . Most of them have similar functional domains, which include a highly conserved DNA-binding domain, an N-terminal region containing constitutive activation function AF-1, and a C-terminal multifunctional ligand-binding domain (LBD), which includes ligand-dependent activation function AF-2 within the distal C-terminus (2±4). Transcriptional activation and repression by the NRs is mediated through coactivators and corepressors (5, 6) . Transcription intermediary factor 2 (TIF2) (7) and its murine homolog glucocorticoid receptor interacting protein 1 (GRIP1) (8, 9) , as well as steroid receptor coactivator 1 (SRC-1) (10, 11) , ACTR (12) , ampli®ed in breast cancer-1 (AIB1) (13) , thyroid hormone receptor activator molecule (TRAM1) (4) and steroid/nuclear receptor associated coactivator-3 (RAC3) (15) , also known as CBPassociated factor (16) , are highly related; they share ,40% sequence identity and form a family of 160 kDa coactivators. Treuter et al. (17) have suggested that p160 coactivators might be degradation products of larger proteins, such as thyroid hormone receptor associated protein-220 (TRAP220).
GRIP1/TIF2 has been shown to interact with several NRs, including glucocorticoid receptor (GR), estrogen receptor (ER) and androgen receptor (AR) (8) , progesterone receptor (PR), mineralocorticoid receptor, thyroid hormone receptor-a (TRa), vitamin-D receptor (VDR), retinoid X receptor-a (RXRa) and retinoic acid receptor-a (RARa) (9) , retinoid-related orphan receptor-a (18), ERR3 (19) , HNF4a (20) , estrogenrelated receptor-a-1 (ERRa-1) (21) and peroxisome proliferator-activated receptor (17) . GRIP1 and TIF2 are believed to interact with AF-2 of the NRs through three short leucine-rich signature motifs (LXXLL) called NR boxes, which are also present in other AF-2-binding proteins like human receptor interacting-protein 140, mouse CBP/p300 (CREB-binding protein/CBP-related protein p300), mouse TIF1 and human thyroid hormone receptor interacting-protein (TRIP) proteins (22) . These NR boxes form so-called nuclear receptor interaction domains (NIDs) and they all display preferences in binding for certain receptors (22±27). A basic helix-loop-helix region adjacent to the LXXLL motif seems to be important for ef®cient TIF2±receptor interactions (25) . The NR box binds to a small (,300 A Ê 3 ) hydrophobic surface cleft in the LBD and the coactivator binding surface is formed in response to an active hormone by positioning helix 12 against a scaffold formed by helixes 3, 5 and 6 (28) .
In addition to NID, there is another C-terminal region of GRIP1 (amino acids 1011±1121), called the auxiliary NID, which cannot directly bind to the NR but is required for ef®cient interaction with GR, AR and RARa (27) . On the other hand, PR, RXRa, TRb1 and VDR require only NID for ef®cient interaction (27) .
There is evidence suggesting that transcriptional activation by AF-1 of some steroid receptors is mediated through p160 coactivators, and it has been shown that transcriptional activation is induced more when AF-1 and AF-2 of ER, PR and GR act in synergy than when they act separately (29, 30) . Ma et al. (31) have found a speci®c C-terminal region of GRIP1 (NID AF-1 ) that interacts with AF-1 of AR. GRIP1 enhances the activity of the tamoxifen-liganded ER by enhancing the activity of AF-1 but not by enhancing the activity of AF-2 (30). GRIP1 action requires each of the three AF-1 subregions (boxes 1, 2 and 3) and, especially, sequences within box 1 (30) .
After p160 coactivators have bound to the DNAbound NR, they activate transcription machinery through two C-terminal activation domains (AD1 and AD2). AD1 interacts with CBP/p300 (23, 32, 33) . CBP/p300 as well as p160 coactivators interact also with p/CAF (p300 and CBP-associated factor) (12, 34, 35) . This complex containing p160 coactivator, CBP/ p300, and p/CAF activates transcription through its histone acetyltransferase activity (12, 35±38) , and also by interacting with the basal transcription machinery (11, 39) . AD2 interacts with coactivator-associated arginine methyltransferase 1, which has been shown to methylate histone H3 in vitro, suggesting its ability to modify chromatin (40) . Glucocorticoids are used extensively in the treatment of skin diseases. Radoja et al. (41) have found that GRIP1 and SRC-1 are not involved in the GR complex that suppresses keratin genes, probably because they cannot function with monomers of GR or because there might be other, epidermis-speci®c coregulators rather than general ones. Carapeti et al. (42) have found a fusion between MOZ and TIF2 genes, which was speci®cally ampli®ed from the acute myeloid leukemia (AML-M5) patient's bone marrow RNA, but not from bone marrow extracted from normal individuals. They have also partially characterized MOZ-TIF2 fusion in a further patient with AML and an inv(8)(p11q13) demonstrating rearrangements within both the MOZ and TIF2 genes and indicating the existence of breakpoint cluster regions within them (43) . Ghadessy et al. (44) have screened the AR gene of 173 infertile men with the phenotype of severe oligospermia and three of them had a single M886V transition, which reduced TIF2 coactivation function by approximately 40% in an AR-driven reporter system and in the mammalian twohybrid system. These examples indicate the importance and necessity of coactivators for normal cell functions.
TIF2 expression has been detected with Northern blotting in human pancreas, skeletal muscle, liver, lung, placenta, brain and heart and at a much lower level in kidney (7) . Using the GRIP1 insert as a probe, Northern blot analyses identi®ed RNA species of ,9 kb and 7 kb in mouse 12-to 17-day-old embryos and in adult mouse brain, heart, lung, muscle, skin and spleen (8) . GRIP1 RNA was also expressed in mouse liver, kidney and testis (9) . Although these results suggest wide expression, they do not reveal the expression patterns within different organs, cell types or subcellular compartments. Thus, the aim of this study was to raise and characterize two novel polyclonal antibodies against GRIP1 (and TIF2) and to study GRIP1 expression in female and male murine tissues by immunohistochemistry and to ®nd out the subcellular localization of endogenous GRIP1. We have also compared the expression of GRIP1 with PR expression (our previous results in Uotinen et al. (45)).
Materials and methods

Production of GRIP1 antipeptide antibody
New Zealand White rabbits were injected s.c. with 100 mg synthetic peptide conjugated to thyroglobulin to produce antibodies against GRIP1/TIF2. One synthetic peptide (a123) corresponds to the peptide sequence 34±47 (NH-Thr-Glu-Lys-Arg-Asn-Arg-GluGln-Glu-Asn-Lys-Tyr-Ile-Glu) and the other (a124) to the residues 468±481 (NH-Asn-Ser-Pro-Ser-Gln-SerSer-Pro-Gly-Met-Asn-Pro-Gly-Gln) of GRIP1/TIF2. Corresponding sequences of GRIP1 and human TIF2 are identical. The ®rst injection contained Freund's complete adjuvant and after 1 month the subsequent two antigen injections in incomplete adjuvant were repeated once a month. The serum was precipitated with 40% ammonium sulfate, and the resulting IgG fractions were termed a123 and a124 respectively. Peptide speci®city and titer of the antisera were tested on microtiter plates (Nunc-Immuno Plate, MaxiSorp) coated with ovalbumin-conjugated peptide antigen.
Animals
Nine-week-old female NMRI mice n 12 were ovariectomized under anesthesia (fentanyl 0.0315 mg and¯uanisone 1 mg (Hypnorm; Janssen-Cilag Ltd) and midazolam 0.1 mg (Dormicum; Roche) injected s.c. in a ratio of 1:1). After operation mice were injected s.c. with 9 mg analgesic buprenorphine (Temgesic; Reckitt & Colman). One week later six mice were treated daily with 17b-estradiol-valerate (Sigma Chemical Co.) (10 mg/100 g body weight) in sesame oil (H Lamotte, Germany) i.m. for 5 days. The other group of six mice received no treatment. The animals were killed by cervical dislocation at the age of 11 weeks, i.e. 24 h after the last injection, and tissue samples were taken immediately.
Transfection of COS cells
COS cells (African green monkey kidney cells) were transfected with TIF2 cDNA using electroporation as described previously (46) . COS cells were grown in DMEM/F12 supplemented with 10% fetal bovine serum and plated at 50±60% con¯uence in Petri dishes after transfection. TIF2 cDNA, subcloned into the eukaryotic expression vector pSG5 (47), was transiently transfected into the cells by the electroporation technique (InVitrogen, optimized electroporation protocol for COS cells, Electroporator II manual, Version A). The ef®ciency of the transfection was monitored by cotransfecting an internal control recombinant pCH110 (Pharmacia, Uppsala, Sweden) expressing b-galactosidase.
Immunocytochemistry
Transfected cells were transferred to glass coverslips and left to grow for 24 h. Cells were ®xed in 4% paraformaldehyde for 15 min, washed in PBS (consisting of 0.9% NaCl in 0.1 M phosphate buffer) for 10 min, incubated in 0.5% Triton-X 100 in PBS for 40 min at room temperature (RT, 18±22 8C) and washed in PBS for 10 min. They were then incubated in 10% normal horse serum in PBS for 30 min and after removal of the excess serum the primary antibodies were added and sections were incubated overnight at 4 8C. Antibodies a123 and a124 were used at a ®nal concentration of 2 mg/ml in 1% normal horse serum in PBS. Cells were washed in PBS for 10 min and incubated for 30 min at 37 8C with uorescein-anti-rabbit (Boehringer-Mannheim GmbH, Mannheim, Germany) diluted 1:300 in PBS. Cells were then washed in PBS for 10 min and embedded in PBS:glycerol (3:1) containing 0.1% p-phenylenediamine (48, 49) .
Cytosol preparation and immunoblotting
Cytosol preparation and immunoblotting were performed as described previously (50) . Cells were harvested and collected into Eppendorf tubes 48 h after transfection, and lysed with 150 ml cell lysis buffer (20 mM Hepes, pH 8.0, 20 mM NaCl, 0.5% Nodinet P-40, protease inhibitors (Complete Mini; Boehringer-Mannheim) and 1 mM dithiothreitol). This was followed by 5 min incubation on ice and 1 min centrifugation at 16 170 g, and the cytosolic fraction obtained was used in presaturation experiments. Total protein concentrations of the cytosol samples were determined using the Bradford method. Cytosol samples were mixed with 1 vol of 2Â SDSsample buffer and boiled for 5 min. Equal amounts of protein (40 mg/lane) were resolved in 6.5% polyacrylamide slab gels containing 0.1% SDS and transferred to nitrocellulose membrane using electrophoretic transfer (Mini Trans-blot; BioRad, Richmond, CA, USA). The membranes were presaturated with 5% skimmed milk powder in TBS-Tween (50 mM Tris, 0.9% NaCl, pH 8.0, 0.05% Tween) and incubated with the primary antibody a123 or a124 (5.0 mg/ml) in TBS-Tween containing 1% skimmed milk powder at 4 8C overnight. After washing with TBS-Tween the membranes were incubated with peroxidase-conjugated goat anti-rabbit antibody (Cappel, West Chester, PA, USA) diluted 1:40 000 in TBS-Tween with 1% skimmed milk powder. The peroxidase was visualized using the enhanced chemiluminescence method following the manufacturer's instructions (ECL; Amersham International, Bucks, UK) with exposure times ranging from 1 to 20 min.
Immunohistochemistry
Tissue samples were ®xed in Baker's ®xative (4% paraformaldehyde, 1% CaCl 2 , pH 6.7) for 2 h at 4 8C, dehydrated and embedded in paraf®n. Sections (5 mm) were cut, deparaf®nized and rehydrated in graded ethanol. Thereafter the slices were incubated in citrate buffer (pH 6.0) in a microwave oven (1000 W power, rotating platform) for two 5 min periods. Incubation in (2) immunoblotted with a123 and a124. A clear band was seen in the nuclear fraction of COS cells with both antibodies (bands N2), and transfection slightly but clearly increased the intensity of the staining (bands N1). A band with lower intensity was also seen in the cytoplasmic fraction immunostained with a123 only, but transfection had no signi®cant effect on the staining intensity. MWS high range molecular weight standard.
methanol containing 0.5% of 30% H 2 O 2 at RT blocked endogenous peroxidase activity of the tissues. The sections were then incubated with 10% normal horse serum in PBS for 30 min at RT to reduce non-speci®c binding followed by incubation with the primary antibody (a123 and a124, concentration 5 mg/ml) in PBS containing 1% normal horse serum overnight at 4 8C. This was followed by incubation with the biotinylated goat anti-rabbit IgG (Vector) and avidinbiotin-peroxidase complex (Vector) for 30 min each. Peroxidase activity was visualized by diaminobenzidine (DAB) as a substrate in the presence of 0.02% H 2 O 2 in 0.5 M Tris, pH 7.6. Sections were dehydrated and mounted in Entellan (Merck KgaA, Darmstadt, Germany). An immunohistochemistry kit (Zymed) was used in some stainings, performed otherwise similarly, but the blocking solution, secondary antibody and avidin-biotin-peroxidase as well as DAB were provided in the kit.
To verify the speci®city of immunostaining, primary antibody was either substituted with 1% normal horse serum, PBS or pre-immune IgG (a negative control), or presaturated with an excess of the corresponding peptide conjugated to the ovalbumin (concentration 6 mg/ml) for 4 h at 4 8C.
Results
Characterization of the antibodies
When COS cells transiently transfected with GRIP1 were immunostained with antibodies a123 and a124, a distinct, clearly nuclear staining with dotted pattern Figure 3 GRIP1 expression in some gastrointestinal organs of non-treated (A±D) and estrogen-treated (E±I) mice, immunostained with antibodies a123 (A±D) and a124 (E±I). In some epithelial cells of the stomach, cytoplasmic staining can be seen as well as nuclear staining in the smooth muscle cells of muscularis mucosae (A). Presaturation abolished the staining (B). Strong cytoplasmic staining is present in some epithelial cells of the duodenum (C), which is also abolished by presaturation (D). In the large intestine nuclear staining is evident in the muscular layer and lamina propria (E), and it is abolished by presaturation (F). Islets of Langerhans as well as some acinar cells of the pancreas have positive nuclear staining (H), and pancreas stained with pre-immune serum is devoid of staining (I). g, gland; mm, muscularis mucosae; ep, epithelium; lp, lamina propria; me, muscularis externa; ac, acinar cells; il, islets of Langerhans. Bars represent 20 mm. was seen (Fig. 1A) , while cells transfected with pSG5 only did not show any staining (Fig. 1B) .
Western blotting
When cytosolic and nuclear fraction of COS cells were immunoblotted with the antibodies a123 and a124, a band with an approximate size of 160 kDa was seen in both nuclear fractions (Fig. 2, lanes N2) . Transfection with GRIP1 cDNA clearly increased the intensity of both bands (Fig. 2, lanes N+) . A band with lower intensity was seen in the cytoplasmic fraction of COS cells immunostained with a123 only (Fig. 2, lane C2) , and transfection had no signi®cant effect on the staining intensity (Fig. 2, lane C+) .
Immunohistochemistry
Both antibodies gave similar staining pattern in the immunohistochemical staining of paraf®n-embedded tissues, although staining with the antibody a124 resulted in stronger staining intensity than with a123 in exocrine epithelial cells of the pancreas and in the nuclei of blood vessels and tubular and glomerular epithelial cells of kidney. Female mice were ovariectomized and divided into two groups, one that received estradiol-valerate and the other that received no hormone treatment. According to our results, there were no differences in GRIP1 expression between these two groups. The speci®city of the staining in each tissue was controlled by replacing the antibody with normal horse serum, PBS, or pre-immune IgG, none of which produced visible GRIP1 staining. Presaturation of the antibodies with corresponding peptide either abolished or clearly reduced the intensity of the staining, although staining was not reduced by presaturation in a few tissues, suggesting non-speci®c staining. The immunostaining was mostly seen in the nuclei, but cytoplasmic GRIP1 expression was seen in some cells as well. Both antibodies recognize mouse GRIP1 as well as human TIF2 (not shown).
GRIP1 expression in gastrointestinal organs
A weak GRIP1-positive staining was seen in the lamina propria and muscular layer of esophagus, and also basal parts of the epithelium had positive staining (not shown). Some of the epithelial cells had cytoplasmic staining in the stomach, while a nuclear staining was seen in the smooth muscle cells (Fig. 3A) . In the small intestine some scattered epithelial cells had strong cytoplasmic staining with both antibodies (Fig. 3C) . Also the external muscular layer of small intestine had clearly positive staining while lamina propria, muscularis mucosae and submucosa had very weak positive Figure 4 Urinary organs of non-treated (A, B) and estrogen-treated (C, D) female and male (E, F) mice stained with a123 (E, F) and a124 (A±D). There was a positive staining in the tubules and glomeruli of the kidney (A) and the staining was markedly reduced with presaturation (B). Detrusor muscle of the urinary bladder had strong staining (C), which was abolished by presaturation (D). Urethral connective tissue had positive nuclear staining (E), and presaturation reduced it (F). t, tubule; g, glomerulus; ep, epithelium; ct, connective tissue; ml, muscular layer. Bars represent 20 mm. www.eje.org staining (not shown). Epithelial cells and external smooth muscle cells of cecum had mainly cytoplasmic staining (not shown). In the large intestine, similar scattered strong cytoplasmic staining was seen in the epithelium (not shown), and a clear nuclear staining was seen in the lamina propria and muscularis externa ( Fig. 3E and F) . Ductal and acinar cells of the submandibular gland had positive nuclear staining (not shown). Parenchyme of the liver was devoid of immmunostaining, but hepatic ducts had nuclear staining in surrounding connective tissue and cytoplasmic staining in the epithelium (not shown), and also hepatic arteries were GRIP1-positive (not shown). In the pancreas a strong staining was seen in the islets of Langerhans (Fig. 3H ) with both antibodies, but exocrine epithelium was only weakly stained with antibody a124. Also blood vessels in the pancreas had positive staining (not shown), but pancreatic ducts were very weakly stained. Presaturation of the antibodies abolished or clearly reduced the staining in stomach (Fig. 3B ), small intestine ( Fig. 3D ) and large intestine (Fig. 3G) . Preimmune IgG produced no staining in the pancreas (Fig. 3I ).
GRIP1 expression in urogenital organs
In the kidney, stained with the antibody a124, a nuclear staining could be seen in the tubular epithelium and in the glomerulus (Fig. 4A) as well as in blood vessels (not shown), but GRIP1 expression was not seen when stained with a123. Connective tissue cells in the capsule surrounding the kidney were GRIP1-positive with both antibodies (not shown). Ureter had a weak nuclear staining in the submucosa and muscular layer while epithelium had no staining (not shown). Urinary bladder had GRIP1 expression in the connective tissue underlying the epithelium (not shown) as well as in the muscular layer (Fig. 4C) . Also some blood vessels and connective tissue surrounding the urinary bladder were GRIP1-positive (not shown). Urethra had nuclear staining in the epithelial cells as well as scattered nuclear staining in the mucosal connective tissue and muscular layer (Fig. 4E) . Presaturation abolished the staining in the kidney (Fig. 4B) , urinary bladder (Fig. 4D) and urethra (Fig. 4F) .
Connective tissue in the vagina appeared to be GRIP1-positive while epithelium was devoid of speci®c staining (Fig. 5A) . A clear nuclear staining was seen in the stromal and smooth muscle cells of the uterus as well as in the glandular epithelium, while luminal epithelium had only weak staining (Fig. 5C ). Also some blood vessels and surrounding connective tissue were GRIP1-positive (not shown). Germinal and follicular epithelium of the ovary had non-speci®c cytoplasmic staining (not shown), and connective tissue in the cortex and medulla was negative. Connective tissue of mesovarium had clear nuclear staining (Fig. 5E ). In the Figure 6 Organs of estrogen-treated mice stained with a124. In the heart, immunostaining was seen in endocardium (A). There was a positive staining in the bronchioles and alveoli of the lungs (C), which was not present when stained with preimmune serum (D). Nuclear staining was observed in the epithelium and cartilage of the trachea (E, G). Adrenal cortex is GRIP1-positive (I). Presaturation clearly reduced the staining in heart (B), trachea (F, H) and adrenal cortex (J). ec, endocardium; a, alveoli; b, bronchiole; ep, epithelium; ca, cartilage; ct, connective tissue; ac, adrenal cortex. Bars represents 20 mm. mammary gland, basal epithelial cells of the ducts as well as surrounding loose connective tissue cells had positive nuclear staining (Fig. 5G) . Also adipocytes had nuclear staining (not shown).
In the seminiferous tubules of testis a nuclear staining was seen in the spermatogonia (Fig. 5I ) and Sertoli cells (not shown). No speci®c staining was seen in the tunica albuginea (not shown). In the ductus epididymis a nuclear staining was seen in the smooth muscle cells (Fig. 5K) , while ductuli efferentes were negative. Capsule was negative (not shown). A clear nuclear staining was seen in the ®broelastic capsule and ®bromuscular stroma of prostate, and cytoplasmic staining was seen in the epithelium of the tubuloalveolar glands (not shown). Staining was clearly reduced in the presaturation controls of vagina (Fig. 5B) , uterus (Fig. 5D), ovary (Fig. 5F ), mammary gland (Fig. 5H) , testis (Fig. 5J) and epididymis (Fig. 5L ).
GRIP1 expression in cardiovascular organs and respiratory tract
Nuclear staining was seen in the endocardium (Fig. 6A) and myocardium (not shown) of the heart when stained with both antibodies. Presaturation of the antibody a124 clearly reduced the staining (Fig. 6B ), but presaturation of the antibody a123 had no effect on the staining intensity. Positive staining, which was absent in the control staining, was also seen in some arteries and veins of the heart as well as in the pericardium (not shown). Many blood vessels in different organs as well as in the connective tissue surrounding many organs had positive staining in the tunica media and in the endothelium.
Epithelial cells of the alveoli and bronchioles were clearly positive, and there was also a weak scattered staining in the smooth muscle cells of the smaller airways (Fig. 6C ). Blood vessels in the lungs were also GRIP1-positive (not shown). In the trachea, GRIP1 expression was detected in the nuclei of epithelial, smooth muscle and connective tissue cells as well as in the cartilage (Fig. 6E and G) . There was no GRIP1 expression in the lungs when stained with pre-immune IgG (Fig. 6D) . Presaturation control of the trachea was devoid of immunostaining ( Fig. 6F and H ).
GRIP1 expression in immunological and endocrinological organs
There were two kinds of a staining in the thymus; some cells had a clear cytoplasmic staining, which was unaffected by the presaturation, while other cells had a very weak nuclear staining, which was abolished by the presaturation (not shown). Similar staining was also seen in the spleen; some cells had cytoplasmic staining, which was also present in control sections, and some cells had a nuclear staining which was not present in controls (not shown). Adrenal cortex had positive staining (Fig. 6I ) and presaturation clearly reduced the staining (Fig. 6J) . Adrenal capsule and medulla were devoid of staining (not shown). Thyroid gland cells did not show any speci®c staining (not shown). Striated muscle cells were GRIP1-negative in our study (not shown).
Discussion
When COS cells transiently transfected with GRIP1 were immunostained with antibodies a123 and a124, a clearly nuclear but special staining pattern was seen (Fig. 1) . A similar staining pattern has also been described in a study by Voegel et al. (7); transiently overexpressed full-length human TIF2 protein was nuclear, mainly localized in discrete bodies resembling nuclear bodies. When we studied endogenous murine GRIP1 expression, mainly nuclear, but also cytoplasmic staining pattern was seen, suggesting that the fulllength GRIP1 might not be solely nuclear. This raises the question of how the subcellular localization of cofactors is regulated. Most nuclear proteins shuttle between cytoplasm and nucleus ± some of them in a regulated manner ± and the subcellular location thus affects or determines the function of these proteins (51, 52) . Although the N-terminal charged cluster in the TIF2 coding sequence harbors putative bipartite nuclear localization signals (7), the mechanism by which GRIP1 is transported into the nucleus is not yet known.
Northern blot analyses have identi®ed RNA species of ,9 kb and 7 kb in mouse 12-to 17-day-old embryos and in adult mouse brain, heart, lung, muscle, skin and spleen (8) . GRIP1 RNA was also expressed in mouse liver, kidney and testis (9) . Expression of TIF2 transcript was found in several human tissues including pancreas, skeletal muscle, liver, lung, placenta, brain and heart, and at a much lower level in kidney (7), suggesting wide expression. However, our immunohistochemical results show that GRIP1 expression varies markedly between different organs and cell types. In gastrointestinal organs, GRIP1 expression was mainly seen in epithelial and smooth muscle cells, but in urinary tract organs mainly in stromal and smooth muscle cells. GRIP1 expression in genital area was mainly seen in epithelial and stromal cells. The islets of Langerhans in the pancreas were strongly stained, but pancreatic ducts and exocrine epithelial cells were only weakly stained. Liver parenchymal cells were clearly negative and positive cells were found in some hepatic arteries and connective tissue cells surrounding hepatic ducts, and, in addition to thyroid gland, there was no GRIP1 expression in skeletal muscle cells ± the only discrepancy between our results and those of Voegel et al. (7) and Hong et al. (9) . However, Chen et al. (53) have shown recently that GRIP1 mRNA was constitutively expressed in proliferating myoblasts and that the levels of GRIP1 protein increase during myogenesis. They conclude that GRIP1 is required for the formation of post-mitotic cells that express myo®brillar proteins and is thus involved in the regulation of myogenic differentiation.
Human TIF2 was originally found as a protein which interacts with nuclear receptors in an agonistdependent manner and it is a mediator for the liganddependent activation function AF-2 of NRs (7). Hong et al. (9) have showed that full-length GRIP1 interacts with the hormone-binding domain of PR, a steroid receptor which is a member of the nuclear receptor superfamily. We have previously studied the expression of PR in female murine organs (45) , and when we compared the expression of PR and GRIP1 our data indicated that most PR-expressing cells also express GRIP1. However, although stromal and epithelial cells of vagina and epithelial cells of uterus expressed PR only after estrogen treatment, GRIP1 expression was not seen in the epithelial cells of vagina, and clearly weaker staining was seen in the glandular epithelial cells of the uterus. Stromal cells of vagina and uterus in turn clearly expressed GRIP1. Tissue recombination experiments using tissues from ER-and PR-null mice have shown that regulation of gene expression and cell proliferation in the uterine epithelium is largely regulated by steroid receptors in the stromal cells whereas the receptor expression in the epithelium seems to be largely dispensable (54±56). It is thus interesting to speculate that the low expression level of GRIP1 in the epithelium might contribute to this relative steroid insensitivity of the uterine and vaginal epithelium.
